Objective: To determine whether the implementation and use of the electronic health records (EHR) modifies the quality, readability and/or the length of the discharge summaries (DS) and the average number of coded diagnosis and procedures per hospitalization episode. Design: A pre-post-intervention descriptive study conducted between 2010 and 2014. Setting: The 'Hospital Universitario 12 de Octubre' (H12O) of Madrid (Spain). A tertiary University Hospital of up to 1200 beds. Intervention: Implementation and systematic use of the EHR. Main Outcome Measures: The quality, length and readability of the DS and the number of diagnosis and procedures codes by raw and risk-adjusted data. Results: A total of 200 DS were included in the present work. After the implementation of the EHR the DS had better quality per formal requirements, although were longer and harder to read (P < 0.001). The average number of coded diagnoses and procedures was increased, 9.48 in the PRE-INT and 10.77 in the POST-INT, and the difference was statistically significant (P < 0.001) in both raw and risk-adjusted data. Conclusions: The implementation of EHR improves the formal quality of DS, although poor use of EHR functionalities might reduce its understandability. Having more clinical information immediately available due to EHR increases the number of diagnosis and procedure codes enhancing their utility for secondary uses.
Introduction
The discharge summary (DS) is an essential document for communication among healthcare professionals of different levels of care [1, 2] . It is considered indispensable for a proper continuing patient care and, in Spain, it is legally required and its contents defined. Until recently, DS were handwritten in a paper-based support; however, the progress of information technologies such as electronic health record (EHR) has enabled the automatic creation of the DS from clinical information registered during the hospitalization episode [3, 4] or any other information from the patient medical record. Moreover, the quality of the DS has implications other than the continuing patient care, since the Hospital Discharge Database, the main administrative database, also known as the Minimum Basic Data Set (MBDS) gathers the information from the coded diagnoses and procedures found in the DS. The MBDS is the largest set of administrative data of hospitalized patients and the major source of information of morbidity in Spain [5] .
The systematic use of EHR in the clinical practice is spreading quickly [6, 7] , therefore, as any other healthcare technology has to be evaluated and its impact in the processes of patient care and Healthcare Information Systems understood. Up to date, the comparison in the average number of coded diagnoses and procedures during hospitalization among different countries [8] as well as before and after the use of a new edition of the International Classification of Diseases [9] have been analyzed. As well, it has been shown that the utilization of EHR improves the quality of outpatient clinical notes [10] and of DS [11, 12] ; however, to the best of our knowledge, this is the first study to show the impact of the EHR on coding of hospitalization episodes.
Thus, the present study analyzed whether the implementation of EHR has modified the quality, readability and length of the DS as well as it has affected the number of coded diagnoses and procedures per hospitalization episode in a tertiary university Hospital of 1200 beds.
Methods

Study design and population
This was a pre-post-intervention observational study of DS from the population of patients discharged out of the H12O since 1 January 2010 to 31 December 2014. The inclusion criterion was to have the hospitalization episode coded and registered in the MBDS. The exclusion criteria were not coded hospitalization episodes and patients grouped by all patient diagnosis-related groups (AP-DRG) with weight 0 (AP-DRG 469: principal diagnosis invalid as discharge diagnosis and AP-DRG 470: ungroupable) and indeterminate sex (Fig. 1) . The data sources were the MBDS and the DS. The number of coded diagnoses and procedures were studied in all the episodes that met the inclusion criteria (N = 214 648).
Intervention
The intervention was the implementation and systematic use of EHR in all the H12O services and units. It was progressively deployed during 2012 and had full implementation with a systematic use by 2013. The years 2010 and 2011 were considered as preintervention period (PRE-INT); 2012 as transition period (TP); finally, 2013 and 2014 as post-intervention period (POST-INT).
Insourced versus outsourced coding
H12O has a specialized coding unit, but the task was partly outsourced from December of 2011 to August of 2013, to offset an unusual additional workload. The coexistence during this period of two distinct groups of coders was considered as a possible confounding factor and its impact on coding performance analyzed.
Instrumentation, study variables and data source
To evaluate the DS quality in PRE-INT and POST-INT, a sample was selected by simple random sampling. A review team consisting of three resident physicians was formed. Two senior physicians were consultants for the review team: the Coordinator of the Quality Unit and the Coordinator of the Patient Management Unit of the H12O. An initial training phase for the review team was considered and 50 DS of each period were analyzed and the reviewers performed an independent evaluation. However, the assessment was jointly validated, and the review criteria unified with the consensus of the two consultants.
After the training phase, the sample size was calculated in 100 DS per period (200 in total) related to the populations of PRE-INT (42 182 DS) and POST-INT (43 928 DS) and considering the average number of diagnoses and procedure codes (NC) as well as their standard deviation (SD), obtained in the training phase, to detect a difference of means of 0.5 and a SD of 1.2, with a confidence level of 95% and a statistical power of 80%.
The main variables analyzed from the selected sample were the quality, length and readability of the DS. To determine the quality, a method developed by the Hospital's Medical Charts Committee was used. It evaluates the compliance with the criteria established on the current legislation concerning to MBDS in the Spanish National Figure 1 Inclusion and exclusion criteria used to determine the study population.
Health System. It includes 13 DS items (admission and discharge dates; reason for admission; discharge status; health history; evolution; principal and secondary diagnoses surgical procedures; other procedures and therapeutic recommendations at discharge) scoring 0 points if the DS contained the minimum information required in each issue, 1 point if the information was incomplete or 2 points if it was missing, therefore, quality of V DS i i = ∑ and 0 ≤ QDS ≤ 26. Readability was quantified with the Spanish adaptation of the Flesch-Kincaid index, which measures formal readability between 0 and 100, considering the relationship between text difficulty, sentence length and words chosen [13] . Length was evaluated by a simple word count.
Other variables studied were the NC according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). Analyzing both, the codes registered in the MBDS previously not included in the DS and the diagnoses and procedures found in the DS but not registered in the MBDS. To measure other aspects of the EHR impact on coding, we considered the number of ICD-9-MC diagnosis and procedure codes as the outcome variable. The number of codes was directly obtained counting them in the H12O MBDS and to avoid confusion due to demographic and clinical characteristics of patients, raw data were risk-adjusted. The independent variables used for this adjustment obtained from the MBDS, are shown in Table 1 .
The average number of codes adjusted by case mix and standard performance were also calculated. The number of codes case mix adjusted was defined as the average number of codes that each period would have had if the episodes of the whole sample (reference standard) were codified with the average number of codes that each AP-DRG presents in such period. Conversely, the number of codes standard performance adjusted was defined as the average number of codes that each period would have had if their episodes were codified with the average number of codes that each AP-DRG presents in the whole sample. The difference of the number of codes case mix adjusted minus the average number of codes of the whole sample and the difference of the number of codes standard performance adjusted minus the average number of codes of the period were obtained for each one of the periods analyzed.
Data analysis
A descriptive analysis was performed using mean, median and standard deviations for continuous variables and frequencies distribution for the categorical ones. Comparison among PRE-INT, POST-INT and TP was performed by one-way analysis of variance or Kruskal-Wallis test, as appropriate. Similarly, the difference between insourced and outsourced coding performance in the studied period was analyzed using Mann-Whitney U or Student's t-test. The homogeneity of variance between groups was tested using Levene's test.
Models of multiple linear regression, Poisson regression and negative binomial regression were specified to adjust by risk the number of codes per individual characteristics. The goodness of fit of each model was examined to select the most appropriate. In Poisson regression, overdispersion was analyzed and compared with negative binomial regression through the Chi-square test. Moreover, as Poisson and negative binomial regressions allow dependent variables to take null values and the underlying distributions may result to be biased; zero truncated models were used in both cases. In the final fit, robust standard errors were used for parameter estimations [14] . In all cases, P-values <0.05 were considered statistically significant. Data analysis was performed using SPSS v21 and STATA v12.0.
Results
Demographic and clinical characteristics of patients
The total coded DS during the period studied were 214 648 (99.86%) of which 97 901 (45.63%) were women and the average age of the patients was 50.1 years. The complexity of the cases attended ranged from 1.99 (2011) to 2.08 (2014) according to the average weight AP-DRG, and 0.98 (2010)-1.17 (2013) according to the Charlson comorbidity index (CCI) [15, 16] . The most frequent pathologies, grouped into major diagnostic categories (MDC AP-DRG) were: pregnancy, birth and postpartum (12.83%), circulatory system diseases (12.71%) and digestive system diseases (12.27%). The length of the stay decreased steadily 0.26 days in average annually from 8.52 in 2010 to 7.26 in 2014, the 30-days readmissions rate increased from 10.0% in 2010 to 12.42% in 2014 and the crude mortality rate remained stable throughout the study period with an average value of 2.96%.
Quality of discharge summaries
The reviewers achieved agreement by consensus in the 97 DS of PRE-INT (three were not found) and 100 of POST-INT evaluated. Statistically significant differences (P < 0.001) were found between pre-and post-intervention DS in quality (mean [ The multiple linear regression model for risk-adjustment number of codes showed an acceptable coefficient of determination (0.631; P < 0.001) with neither multicollinearity (the values of the variance inflation factor were <5 in all variables) nor autocorrelation (DurbinWatson = 1.97), the hypothesis of normality was rejected by the Shapiro-Wilk test (P < 0.001) and the existence of heterocedasticity was detected by Breusch-Pagan/Cook-Weisberg test (P < 0.001).
The zero truncated Poisson regression fit was significant according to the Chi-square test (P < 0.001), with pseudo-R 2 = 0.2837.
However, the existence of overdispersion was accepted because the alpha parameter negative binomial regression was significantly different from 0 according to Chi-square test (P < 0.001). The zero truncated negative binomial regression also provided a good fit (coefficient of determination = 0.99) between the medians of the quintiles of the number of codes and the mean of the estimated values for each quintile. Consequently, the difference in riskadjusted number of codes was calculated from the estimates obtained with this model (Table 2 ) and the mean difference between POST-INT and PRE-INT were the only ones found to be statistically significant (P < 0.001) ( Table 3 ). The binomial negative regression showed (Table 2) statistically significant higher incidence rates ratio (IRR > 1) in diagnosis and procedure codes in discharges from women, hospitalization in critical care, external injury causes, reintervention during period, handoff during hospitalization admission, high AP-DRG weight and MDC 4, 5, 11, 15, 18, 19, 20, 24, 25 and lower incidence (IRR < 1) in episodes with elective admissions or readmissions, while in exitus and in MDC 6, 7, 10, 16, 17 differences were not statistically significant (P > 0.05).
In the outsourcing period, the average number of codes per episode coded by insourced coders (n = 12.253) was higher than those coded by outsourced coders (n = 8.359) and the difference was statistically significant (P < 0.001). After risk-adjustment, the difference in average number of risk-adjusted codes was also significantly higher in episodes coded by insourced coders (0.035 vs. −0.142; P < 0.001).
Finally, differences in number of codes adjusted by either case mix and or standard performance were higher in the POST-INT than in TP as well as higher than in PRE-INT (Table 4) . Therefore, the observed difference in the average number of codes is unrelated to changes in casuistry or complexity in the studied periods.
Discussion
Health systems need reliable information for multiple purposes. The essential is undoubtedly the use of clinical information to provide the best possible healthcare. The relationship between standardization of care documentation and records with the improvement of clinical practices has been proved [17] as well as the relationship between amount and quality of information on patient care results [18] . Administrative data, usually recorded by governmental initiatives [19] , manage relevant information on services utilization [20] , health outcomes [21] , healthcare quality [22, 23] and their costs [24] for planning, supporting decisions and evaluating the effectiveness of policies.
The implementation of EHR has potential to greatly improve patient safety, efficiency and effectiveness of healthcare. Although it has raised some concerns about data quality and its implications [25] , it seems to provide more complete and detailed clinical documentation [6] . Moreover, the DS, an essential element of the EHR, benefits from a standard format that uses the information previously recorded in templates and progress notes to compose the final document at the time of patient discharge.
Our results show that after implementation of EHR the DS had higher quality but were longer and harder to read than previously. The quality improvement is consistent with the literature. Several authors had evaluated the impact of similar interventions. Thus, O'Leary et al. [11] concluded that the use of a composition tool in the EHR improved the quality and readability of DS and Reinke et al. [12] showed that the intervention also improved the quality of DS; but they were shorter and harder to read.
In our view, the improvement in quality results from both the widespread use of EHR structured templates (easier data recording) and the simplicity of the content importing technologies (data transfer to DS). The results variability in terms of length and readability may depend on the proper use of the EHR. Thus, it can be partially explained by the routine inclusion of diagnostic tests results, particularly lab tests, which take up a significant space with little real useful information and complicate the reading. It can be also be due to the improper use of functionalities, such as the 'copy and paste' in the composition of DS [26] , particularly in the patients personal and family history. The implementation of EHR in our hospital did not change the proportion of diagnoses and procedures coded in the DS to the total registered in the MBDS. This fact suggests that the nature and amount of information available to the physician at the time of discharge did not change with the EHR implementation. However, the number of diagnoses and procedures coded per DS has significantly increased with EHR, using both raw and risk-adjusted data. This effect was not observed during the TP, but it might be related to the lower performance of the outsourced coding. Thus, our data suggest that the implementation of EHR improves availability of clinical information for the DS and coding performance.
The importance of this finding hinges on the utility of the administrative databases such as the MBDS in any of the many aspects related to healthcare. The appropriateness of the use of administrative databases in health research projects has been debated. However, its availability and low cost makes them attractive tools for healthcare research. Thus, validation studies of results obtained from administrative data versus clinical records [27] or clinical chart reviews [28] had spurred. On one hand, inaccuracies have been described in the validation of certain diseases and comorbidities [29] ; on the other hand, it has been concluded that there are no significant differences between risk-adjusted mortality and readmissions for example in acute myocardial infarction or heart failure [30] . Our study supports the notion that adoption of EHR improves MBDS reliability, and therefore its utility for secondary uses.
Limitations
Our study has some limitations. It is a pre-post-intervention design without control group (the analyzed DS are done either in one period or another) and the observed effect is attributed to the intervention but it does not dismiss any other associated factors. To control for this, we have adjusted by risk the dependent variable by different methods, analyzed if there were changes in the proportion of diagnoses and procedures present in the DS that were not coded, and therefore not recorded in the MBDS; and assessed the differences between coders (insourced and outsourced) in the period when the codification was partially outsourced. However, given that during the pre-and post-intervention periods no outsourcing took place, we understand that the results, especially risk-adjusted differences in favor of the group of H12O coders, indicate the coding pattern has been stable. Consequently, we can exclude the one factor that in our opinion could be the main cause of confusion. Another limitation was inherent to the format of the DS since the intervention changed the DS aspect the reviewers could easily identify the period of the reports evaluated. Finally, the quality evaluation method is internal to the H12O and has not been externally validated, although we have followed the criteria specified in our country regulations.
Regarding the quality of the DS and the availability of clinical documentation for secondary uses, future research on the impact of EHR implementation is needed to deep our understanding. It would be advisable to study the external validity in other healthcare institutions, including, if possible, studies with a control group. It is as well interesting to ascertain whether the use of 'copy and paste' tools available in the EHR affects the understandability of the DS to the extent to compromise patient safety. Thus, it would be necessary to investigate ways to improve the transmission of clinical information between healthcare settings, patients and professionals.
Conclusions
The implementation of EHR improves the quality of the DS composed from clinical information recorded during the episode of hospitalization. The improper use of the content importing technologies and inclusion of non-relevant content can make them more extensive and less legible. The increased availability of clinical information in DS allows the codification of greater number of diagnoses and procedures and, ultimately, improves utility of MBDS for secondary use. 
